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Abstract

Background: Antibiotic resistance of Klebsiella pneumoniae remains one of the most pressing issues in clinical
microbiology and healthcare. With the active spread of multidrug-resistant strains, especially in hospital settings, the need for
local monitoring of antibiotic susceptibility is becoming increasingly urgent to ensure effective treatment selection.

Objective: To assess the susceptibility and resistance of K. pneumoniae isolated from various biological materials to a
broad spectrum of antibiotics and to identify the most effective drugs for empirical therapy.

Materials and Methods: The study utilized retrospective laboratory data from 169 clinical isolates of Klebsiella
pneumoniae, obtained from five types of biological materials: sputum (n=65), ENT samples (n=45), urine (n=45),
cerebrospinal fluid (n=9), and wound exudate (n=5). The analysis included 15 antibiotics from different classes, including
cephalosporins, carbapenems, fluoroquinolones, aminoglycosides, and others. Susceptibility and resistance percentages
were calculated using standard formulas. Microsoft Excel was used for primary data processing, and IBM SPSS Statistics
was employed for descriptive statistical analysis.

Results: The highest susceptibility rates were observed for Imipenem (84.5%), Minocycline (82.4%), and Amikacin
(79.6%), with resistance levels remaining below 20%, confirming their high efficacy against K. pneumoniae. Moderate activity
was shown by Piperacillin, Cefepime, and Meropenem (approximately 70% susceptibility). In contrast, Nitrofurantoin,
Cefazolin, and Trimethoprim showed the lowest activity, with resistance reaching up to 60% in some sample types.
Differences in susceptibility profiles were noted depending on the biological material, although overall trends were consistent.

Conclusion: The findings underscore the importance of systematic local monitoring of K. pneumoniae antibiotic
susceptibility, particularly in the context of widespread resistant strains. Imipenem, Minocycline, and Amikacin may be
considered first-line agents for empirical treatment of K. pneumoniae infections. The reduced efficacy of several traditional
antibiotics also highlights the need for cautious use in clinical practice.
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BeepeHue: AnTMOMOTMKOpe3aucTeHTHOCTb Klebsiella pneumoniae npogonxaeT ocTaBaTbCs OOHOA M3 Haubonee
aKTyanbHbIX MPOONEM KMMHUYECKOA MUKPOOMONMOrMM U 30paBoOXpaHeHus. B ycroBusix akTMBHOTO pacnpocTpaHeHWs
MYyNbTUPE3UCTEHTHBIX LITAaMMOB, OCOGEHHO B CTauuoHapax, Bo3pacTaeT HeobXo4uMOCTb B NOKAnbHOM MOHWUTOPWHIeE
YYBCTBUTEMNBHOCTM K aHTUBaKTepuanbHbIM npenapatam 4ns adeKkTuBHoro nogbopa tepanuu.

LUenb: OueHuTb ypoBeHb YyBCTBUTENMBHOCTM W yCTONUMBOCTM K. pneumoniae, BbIAENEHHOW M3  Pa3NUYHbIX
Ouonormyecknx MaTepuanos, K LWIMPOKOMY CMEKTpY aHTMOMOTUKOB 1 onpegenuTb Hanbonee adekTUBHbIE Npenapatbl Ans
SMMUPUYECKOrO NEeYEHNS.

Matepuansi u MeTogbl: B 1ccnenoBaHie BKMOYEHbI PETPOCNEKTUBHBIE NabopaTopHble AaHHbIE MO 169 KNMHUYECKUM
nsonstam Klebsiella pneumoniae, nosy4eHHsIM 13 NaT TMNOB BromaTtepmanos: mokpoTa (n=65), IOP-matepuans! (n=45),
Moua (n=45), uepebpanbHbiii kaHan (n=9), paHa (n=5). AHanu3 Bkmoyan 15 aHTMOMOTIKOB Pa3nyHbIX rPynm, B TOM Yucne
LedanocnopuHbl, kapbaneHembl, (TOPXWUHOMOHbI, AMMHOMWKO3WAbI W [fpyrve. PacyéT npoUeHTHbIX NokasaTenei
UYBCTBMTEMNBHOCT M YCTOMYUBOCTM MPOBOAMNCA MO CTaH4ApTHbIM dopmynam, ¢ npumeHeHuem Microsoft Excel ons
nepBuYHoit 0BpaboTkm aaHHbIX 1 IBM SPSS Statistics — ans cratuctiyeckoro aHanmaa.

Pe3ynbTatbl: MakcumanbHble YpOBHM YyBCTBUTEMbHOCTU BbisiBNeHbl Y Imipenem (84,5%), Minocycline (82,4%) w
Amikacin (79,6%), npn MUHUManbHbIX NokasaTtensx ycronumnsocTh (<20%), 4To NOATBEPKAAET UX BbICOKYHD SPPEKTUBHOCTL
npote K. pneumoniae. YmepeHHble nokasatenn npogemoHcTpupoBanu Piperacillin, Cefepime u  Meropenem
(4yBcTBUTENBHOCTL OKOMo 70%). B TO e Bpems, HaumeHblas aktuBHocTb oTMeveHa Y Nitrofurantoin, Cefazolin u
Trimethoprim, ycTOM4MBOCTb K KOTOpbIM B OTAEMbHbIX MaTepuanax gocturana 60%. 3ameTHbl OTnuuMs B npodune
YYBCTBUTEMBHOCTM B 3aBUCUMOCTM OT BMONOrNYECKOro MaTepuana, ogHako obLLme TEHAEHLMN COXPaHSIOTCA.

BbiBop:  PesynbTathl  noguyépkvBalT  HeObBXOOWMOCTb  CUCTEMATWYECKOrO  NOKanbHOTO  MOHMTOpWHra
aHTMbuMoTMkouyBCTBUTENBHOCT K. pneumoniae, OCOGEHHO B YCMOBMSIX BbICOKOW PACMPOCTPAHEHHOCTW YCTOMYMBBIX
wrammoB. Imipenem, Minocycline 1 Amikacin MoryT paccmaTpuBaTbCs B KayecTBe NpenapaTtoB NEPBOM NMUHWM Mpu
SMMUPUYECKOM NEYEHUN MH(DEKLUWA, BbI3BAHHLIX AaHHLIM NaToreHoM. lornyyeHHble AaHHble Takke CBUAETENbCTBYIT O
CHIDKEHHOM athhEKTMBHOCTY psda TPagULMOHHBIX MPENapaToB, YTO TpebyeT OCTOPOXHOMO NOAX0AA K MX MPUMEHEHNIO.

Knroyeenie cnoea: Klebsiella pneumoniae, aHmubuomukope3ucmeHmHoCMb, Y4y8CmeumensHOCMb, yemolyugocms,
6uomamepuarnb.

Ana yumuposaHus:

Mykawesa I".[]., Maykaesa C.b., KydatibepeeHosa H.K., Lllabdapbaesa .M., Cmaunocea XX.K., Tokaesa A.3., Cmaun
E.M., HypanuHosa I".1., Ucabekosa XK.b., Kapumosa C.C., Kosybaesa [.5., lopembikuHa M.B., YpasanuHa H.M. Ananus
4yBCTBUTENBHOCTM U ycTonumeocTh Klebsiella Pneumoniae k aHTMOMOTMKAM B pasnuyHbix Guomatepuanax // Hayka w
3ppaBooxpaHeHue. 2025. T.27 (3), C. 98-107. doi: 10.34689/SH.2025.27.3.011

99


https://orcid.org/0000-0003-3490-5628
https://orcid.org/0000-0002-2679-6399
https://orcid.org/0000-0002-6165-7677

Original article Science & Healthcare, 2025 Vol. 27 (3)

Tyningeme

KLEBSIELLA PNEUMONIAE-HIH oPTYPJ1l BUOJNOIrUANbIK
MATEPUANOAPOAfblI AHTUBMOTUKTEPTE
CE3IMTANAbIfbl MEH Te3IMAINITIH TANOAY

Fyn6apwsin [. Mykawesa?, https://orcid.org/0000-0003-3490-5628

Cayne B. Maykaesa, https://orcid.org/0000-0002-2679-6399
Hasbim K. Kynanbeprexosal, https://orcid.org/0000-0002-6165-7677
Aapua M. WWa6pnap6aeBa?, https://orcid.org/0000-0001-9463-1935
XKanapryne K. Cmaunosa?, http://orcid.org/0000-0002-4513-4614
Anma 3. Tokaesal, https://orcid.org/0000-0003-1238-9263

Ep6on M. Cmaun, https://orcid.org/0000-0003-3881-3747
FynoHapa U. HypanuHogal, https://orcid.org/0000-0002-0478-5154
Xanap B. UcabekosBa’, https://orcid.org/0000-0002-2744-0327
Casa C. Kapumoga1, http://orcid.org/0000-0002-1167-5375

Ovnapa B. Koayb6aesBal, https://orcid.org/0000-0003-4937-708X
Mamnsa B. FopembikuHal, https://orcid.org/0000-0002-5433-7771
Hauna M. YpazanuHal, https://orcid.org/0000-0003-0200-1763

1 «Cemen meauuuHa yHusepcuteTi» KeAK,
Cewmewn K., KazakctaH Pecnybnukacoil.

Kipicne: Klebsiella pneumoniae OakTepusiCbiHbIH, aHTUOMOTMKTEPre Te3iMAINIr KNWUHUKANbIK, MUKPOOMONOrMsS MeH
LEHcayrnblk CakTay canacbiHaarbl eH, e3eKTi Macenenepait, bipi 6onbin kanbin oTbip. AypyxaHanapaa MynbTUpPE3NUCTEHTTi
WTaMMaapablH, KeH, Tapanybl TWiMAi emaey sAicTepiH Tandayaa XeprinikTi AeHreine aHTMOMOTUKTEPre cesiMTanablKTbl
BakblnayablH, MaHbI3AbIbIFbIH apTThipagbl.

Makcatbl: K. pneumoniae wTamMmaapblHbiH,  apTypni  Guonorusanblk  matepuangapgaH  Geninin - anblHFaH
XafgannapbiHoa aHTMOMOTUKTEpre Ce3iMTanzbIK XaHe TediMainik AeHreriH 6aranay, CoHaat-ak AMIUPUKarblk eMAEY YLUiH
€H, TMiMZi NpenapaTTapfbl aHbIKTay.

Matepuangap meH agictep: 3eptrey asdcbiHga 169 knuHukanbik, Klebsiella pneumoniae usonsTTapbiHa KaTbICThbl
PETPOCMEKTVBTI 3epTxaHanblk AepekTep naiganadbingel. buomatepnanpap MbiHagaih Gec TONTaH anblHObl: KAKbIPbIK
(n=65), NMTOP-myLLenepiHeH anbiHFaH MaTepuangap (n=45), Hecen (n=45), MU-XynbIH CyMbIKTbIFbI (N=9), xapa ipiHi (n=5).
3eptTey 15 aHTMOMOTUKTI KaMmTbigbl: LedanocnopuHaep, kapbaneHemaep, PTOPXMHOMNOHLAP, aMUHOTMIMKO3MATED XKaHe
Backa Tontap. AHTMOMOTWMKKE CesiMTangblk NeH Te3iMAINIKTIH Naibl3Ablk, KepceTKiluTepi cTaHhapTThl dopmynanap
BoibiHwa ecentengi. Oepektep Microsoft Excel apkpinbl engenin, cratuctukansik, Tangay ywid IBM SPSS Statistics
Gargapnamacsl KongaHbINabl.

Hatnxenep: EH xofapbl cesiMTangblk Imipenem (84,5%), Minocycline (82,4%) xoHe Amikacin (79,6%)
aHTMbnoTukTepiHae Oalikanabl, an Tesimainik aexreni 20%-naH TemeH 6onabl. Piperacillin, Cefepime xsHe Meropenem
npenapatTapbl opTawa 6enceHginik kepceTTi (wamameH 70%). An Nitrofurantoin, Cefazolin xaHe Trimethoprim cusikTbl
aHTMBMOTUKTEp TemeH BenceHAinik kepceTTi, kenbip MaTepuangapaa Tesimainik aeHreni 60%-ra geni xeTTi. buomatepuan
TypiHe GainaHbICTbl CesiMTangblk NpouniHAe aibipMaLLbiibiKTap BonFaHbIMEH, Xanmbl ypaicTep cakTangsbl.

KopbITbiHAbL: K. pneumoniae wWTamMMaapbiHbiH, aHTUOMOTUKKE CesiMTanablFblH KEPTiNiKTI AeHrenae Xymeni Typae
Gakblinay aca MaHbl3abl, aCipece PEe3NCTEHTTI WTaMMaapAblH, Tapanybl xorfapsl 6onFaH xarganga. Imipenem, Minocycline
xaHe Amikacin npenapaTTapbl aMnMpuMKanblk emaey yiliH OipiHwi TaHaaynbl gapinep peTiHhe KonAaHysa yCbiHbiNagbl.
Kenbip gactypni aHTMOMOTUKTEPAIH, TUIMAINIFIHIH, TOMEHAEYI onapabl KONAaHyAa CakTbIKThl Tanan eTesi.

Kinm ce3dep: Klebsiella pneumoniae, aHmubuomukmepae me3imainik, cesimmandbik, 6uomamepuanoap.
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Introduction

Klebsiella pneumoniae ranks among the leading causative
agents of hospital-acquired infections and poses a serious
threat to immunocompromised patients. In the context of the
global rise in antibiotic resistance, the situation involving K.
pneumoniae isolates resistant to carbapenems and third-
generation cephalosporins is particularly alarming. These
strains are increasingly detected in various types of biological
materials such as blood, urine, sputum, and exudates,
complicating the selection of effective empirical therapy [18].

An analysis of antibiotic susceptibility in strains isolated
from different biological sources reveals significant variations in
resistance profiles. For example, strains obtained from wounds
and blood of patients with orthopedic infections often produce
carbapenemases and exhibit multidrug resistance, including
resistance to fluoroquinolones and aminoglycosides [4]. A
similar situation is observed in dialysis and transplant facilities,
where strains from urine and vascular catheters show high
resistance to -lactam antibiotics [10].

Particular attention should be given to strains isolated from
children with cystic fibrosis: under constant colonization
pressure from K. pneumoniae, unique mechanisms of
adaptation and resistance to antimicrobial agents are formed
[18]. In addition, patients with tuberculosis, who are frequently
subjected to prolonged antibiotic therapy, demonstrate plasmid-
mediated resistance mechanisms to broad-spectrum drugs
[11].

Based on accumulated clinical data, it can be concluded
that the resistance spectrum of K. pneumoniae is directly
related to the infection site. For instance, strains isolated from
bronchoalveolar lavage and lower respiratory tract aspirates
often produce extended-spectrum B-lactamases, whereas
those from urine tend to exhibit resistance to fluoroquinolones
and nitrofurans [20]. Additional microbiological analysis of
aspirates, punctates, and pleural exudates has shown a high
frequency of isolation of multidrug-resistant strains with marked
resistance to  third-generation  cephalosporins  and
carbapenems [17]. Particularly conceming data have been
reported regarding oncohematological patients, in whom
Klebsiella pneumoniae is found in virtually all types of biological
materials from blood and aspirates to punctates and feces [5].

Modern approaches to assessing Klebsiella pneumoniae
resistance involve not only phenotypic methods but also
molecular-genetic characterization. For example, Gordinskaya
and Boriskina demonstrated that isolates from different
hospitals vary significantly in the presence of carbapenemase
genes (e.g., KPC, NDM), as well as in resistance mechanisms
to colistin, especially in aspirate and bronchoalveolar lavage
samples [9].

Analysis of hypermucoid strains isolated from wound
exudates revealed their increased resistance to cephalosporins
and aminoglycosides, which may be related to capsular factors
and biofilm formation [13]. These properties significantly reduce
the effectiveness of traditional treatment regimens.

Belkova N.L. et al. conducted a comparative genomic
analysis of isolates obtained from blood, urine, and exudates,
demonstrating the presence of mutations encoding resistance
to novel beta-lactam antibiotics [3]. Another study revealed that
K. pneumoniae isolates from trauma units more frequently
exhibit polyresistance, especially in aspirates and purulent
discharges [7].

To date, the diagnosis and treatment of infections
caused by K. pneumoniae require not only awareness of

general antibiotic resistance trends but also an
understanding of the microbiological characteristics specific
to each type of biological material. Integrating data from
various sources allows for a more accurate analysis of
antimicrobial susceptibility, which in turn supports the
development of effective treatment strategies.

The aim of the study is to analyze the antibiotic
susceptibility and resistance of Klebsiella pneumoniae isolated
from different biological materials, in order to identify specific
features of antimicrobial resistance depending on the source of
the clinical isolate.

Materials and methods

The study utilized retrospective laboratory data on the
antibiotic susceptibility of Klebsiella pneumoniae to various
antimicrobial agents. The biological samples used for
bacteriological analysis included sputum (n = 65), ENT
materials (n = 45), urine (n = 45), cerebrospinal fluid (n = 9),
and wound exudate (n = 5). The analysis included 15
antibiotics, among them: Ceftriaxone, Cefazolin, Cefuroxime,
Cefepime, Piperacillin, Minocycline, Imipenem, Levofloxacin,
Nitrofurantoin,  Ceftriaxidime, ~Meropenem,  Tobramycin,
Amikacin, and Trimethoprim.

For quantitative analysis, relative susceptibility and
resistance were calculated for each antibiotic based on the
biological material tested.

The following formulas were used:

1) Susceptibility = (Number of susceptible isolates / Total
number of isolates for the material) x 100

2) Resistance = (Number of resistant isolates / Total
number of isolates for the material) x 100

Data were entered into Microsoft Excel for initial sorting
and calculation of susceptibility and resistance percentages.
Statistical analysis was performed using IBM SPSS Statistics,
applying descriptive statistical methods.

Results

Table 1 presents the number of Klebsiella pneumoniae
strains identified as either susceptible or resistant to antibiotics
across five types of biological materials: sputum, ENT organs,
urine, cerebrospinal fluid, and wound samples. The highest
number of isolates was obtained from sputum (65) and ENT
materials (45), while significantly fewer strains were isolated
from cerebrospinal fluid (9) and wounds (5). The susceptibility
analysis showed that antibiotics such as Piperacilin and
Imipenem demonstrated high levels of susceptibility across all
sample types, particularly in sputum and ENT materials.
Conversely, Cefazolin and Nitrofurantoin showed higher levels
of resistance, indicating limited effectiveness of these drugs in
treating infections caused by K. pneumoniae.

Table 2 presents the percentage of Klebsiella pneumoniae
susceptibility to various antibiotics depending on the type of
biological material: sputum, ENT organs, urine, cerebral canal,
and wound. The highest levels of susceptibility were observed
for the antibiotics Minocycline and Imipenem, which showed
consistently strong results exceeding 85% across all sample
types, including sputum and urine. Piperacilin also
demonstrated high susceptibility, particularly in urine (88%) and
sputum (81.5%). Cefepime, Cefuroxime, and Levofloxacin
were characterized by moderately high susceptibility levels
(ranging from 60% to 80%) across all studied biological
materials. In contrast, Nitrofurantoin and Trimethoprim showed
lower susceptibility rates, not exceeding 55% in most sample
types, indicating their limited effectiveness in treating infections
caused by Klebsiella pneumoniae.
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Table 1.
Number of susceptible and resistant Klebsiella pneumoniae isolates by sample type.
Antibiotic Sputum (65) ENT Organs (45) Urine (45) Cerebral Canal (9) Wound (5)
Sus Res Sus Res Sus Res Sus Res Sus Res
Ceftriaxone 42 23 27 18 28 17 6 3 3 2
Cefazolin 35 30 23 22 21 24 5 4 2 3
Cefuroxime 47 18 32 13 31 14 6 3 4 1
Cefepime 51 14 31 14 33 12 7 2 3 2
Piperacillin 53 12 41 4 40 5 7 2 4 1
Minocycline 60 5 39 6 41 4 8 1 4 1
Imipenem 61 4 40 5 42 3 8 1 4 1
Levofloxacin 50 15 AN 14 38 7 7 2 3 2
Nitrofurantoin 32 33 22 23 22 23 4 5 2 3
Ceftrazidime 48 17 22 23 37 8 6 3 2 3
Meropenem 43 22 37 8 38 7 6 3 4 1
Tobramycin 37 28 24 21 24 21 4 5 3 2
Amikacin 57 8 39 6 35 10 7 2 4 1
Trimethoprim 34 31 24 21 23 22 5 4 3 2
Table 2.
Percentage of Klebsiella pneumoniae Susceptibility to Antibiotics.

Antibiotic Sputum (%) ENT Organs (%) Urine (%) Cerebral Canal (%) Wound (%)
Ceftriaxone 64.6 60.0 62.2 66.7 60.0
Cefazolin 53.6 51.7 46.6 55.6 57.1
Cefuroxime 725 71.1 68.9 66.7 80.0
Cefepime 78.0 68.9 73.3 77.8 60.0
Piperacillin 81.5 63.2 88.0 77.8 80.0
Minocycline 92.3 86.7 91.1 88.9 80.0
Imipenem 93.8 88.9 93.3 88.9 80.0
Levofloxacin 76.9 68.9 84.4 77.8 60.0
Nitrofurantoin 49.3 48.0 48.0 444 40.0
Ceftrazidime 73.7 48.9 82.1 66.7 66.7
Meropenem 66.0 82.1 84.0 66.7 80.0
Tobramycin 56.6 53.3 53.3 444 60.0
Amikacin 87.7 86.7 77.8 77.8 80.0
Trimethoprim 52.3 53.3 50.0 55.6 60.0

Table 3 shows the percentage of resistance of
Klebsiella pneumoniae to various antibiotics depending on
the type of biological material: sputum, ENT organs, urine,
cerebral canal, and wound. The highest resistance rates are
observed for the antibiotics Cefepime, Ceftriaxone, and

resistance levels reach 20-46%. Minocycline and Imipenem
exhibit low resistance rates (from 6 to 20%) across all
samples, confirming their high effectiveness. There is also a
high resistance to Nitrofurantoin and Trimethoprim, ranging
from 40-60%, indicating the limited clinical applicability of

Piperacillin, especially in sputum and urine, where  these drugs against Klebsiella pneumoniae.
Table 3.
Percentage of Klebsiella pneumoniae resistance to antibiotics.

Antibiotic Sputum (%) ENT Organs (%) Urine (%) Cerebral Canal (%) Wound (%)
Ceftriaxone 35.4 40.0 37.8 33.3 40.0
Cefazolin 46.4 48.3 53.4 444 42.9
Cefuroxime 275 28.9 31.1 33.3 20.0
Cefepime 22.0 31.1 26.7 22.2 40.0
Piperacillin 18.5 36.8 12.0 22.2 20.0
Minocycline 7.7 13.3 8.9 11.1 20.0
Imipenem 6.2 11.1 6.7 11.1 20.0
Levofloxacin 23.1 31.1 15.6 22.2 40.0
Nitrofurantoin 50.7 52.0 52.0 55.6 60.0
Ceftrazidime 26.3 51.1 17.9 33.3 33.3
Meropenem 34.0 17.9 16.0 33.3 20.0
Tobramycin 43.4 46.7 46.7 55.6 40.0
Amikacin 12.3 13.3 222 22.2 20.0
Trimethoprim 477 46.7 50.0 44 .4 40.0
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Table 4 presents the average sensitivity and resistance
rates of Klebsiella pneumoniae to various antibiotics,
calculated based on data from different biological materials.

Table 4.
Comparison of Average Sensitivity and Resistance
Values by Antibiotic

The highest sensitivity rates were observed for
Imipenem (84.5%), Minocycline (82.4%), and Amikacin
(79.6%), indicating the high effectiveness of these drugs
against the studied strains. Antibiotics such as Cefepime,
Piperacillin, and Meropenem also demonstrated relatively
high sensitivity levels around 70%. At the same time,
Nitrofurantoin, Cefazolin, Trimethoprim, and Tobramycin

Among the antibiotics studied, Imipenem, Minocycline, and
Amikacin demonstrated the highest activity, with resistance
rates generally not exceeding 20%. These drugs showed
consistently high sensitivity levels (>80%) regardless of the
biological material, making them potential first-line agents for
the freatment of infections caused by K. pneumoniae.
Moderate efficacy was observed for Piperacillin, Cefepime,
Meropenem, and Levofloxacin, with sensitivity levels around
70% and more pronounced variability depending on the sample
type. Meanwhile, Nitrofurantoin, Cefazolin, Trimethoprim, and
Tobramycin exhibited low sensitivity rates (less than 60%) and
high resistance levels, limiting their clinical use in treating
infections caused by K. pneumoniae. The results of the
sensitivity analysis of Klebsiella pneumoniae isolated from
various biological materials reveal both general patterns and
significant differences in antibiotic resistance mechanisms.

In the study by Levchenko et al., based on a regional
microbiological monitoring system, isolates from respiratory
samples (sputum, bronchial aspirate) showed higher
resistance to colistin and carbapenems compared to urine
samples. The authors attribute this to systemic antibiotic
therapy in patients with pneumonia [15].

Gizatullina et al. found that strains from wound
exudates demonstrated aminoglycoside resistance in 80%
of cases, while urinary isolates showed resistance in only
50%. This highlights the need for individualized therapy
depending on the infection site [6].

Average Average showed lower sensitivity rates (approximately 54-58%) and
Antibiotic Sensitivity Resistance correspondingly high resistance rates (ranging from 42% to
Percentage (%) | Percentage (%) | 45%), indicating limited clinical efficacy of these agents.
Ceftriaxone 60.2 39.8 Table 5 presents the five antibiotics that demonstrated
Cefazolin 54.2 45.8 the highest levels of sensitivity of Klebsiella pneumoniae
Cefuroxime 64.6 35.4 depending on the type of biological material: sputum, ENT
Cefepime 711 28.9 organs, urine, cerebral canal, and wounds. Imipenem holds
Piperacillin 70.2 29.8 the leading position in sensitivity across all tested samples,
Minocycline 824 17.6 with rates ranging from 80% (wound) to 93.8% (sputum),
Imipenem 84.5 15.5 confirming its high effectiveness against K. pneumoniae.
Levofloxacin 69.8 30.2 Minocycline and Amikacin also show consistently high
Nitrofurantoin 54.8 45.2 results, ranking second and third respectively, with
Ceftrazidime 673 327 sensitivity ranging from 77.8% to 92.3%.
Meropenem 704 206 Piperacillin  demonstrates high sensitivity levels,
Tobramycin 580 420 especially in urine and ENT samples, where it reaches over
Amikacin 79.6 204 88%. Cefepime ranks fifth for most materials, except for
Trimethoori 55 1 449 wound exudates, where Cefuroxime takes the fifth position
prim . . . "
with a sensitivity rate of 80%.
Table 5.
Distribution of antibiotics with the highest sensitivity levels of Klebsiella pneumoniae by biological material
Biological Material 1st Place 2nd Place 3rd Place 4th Place 5th Place
Sputum (n=65) Imipenem (93.8%) |Minocycline (92.3%) | Amikacin (87.7%) | Piperacillin (81.5%) | Cefepime (78.5%)
ENT Organs (n=45) |Imipenem (88.9%) |Minocycline (86.7%)| Amikacin (86.7%) | Piperacillin (91.1%) | Cefepime (68.9%)
Urine (n=45) Imipenem (93.3%) |Minocycline (91.1%) | Piperacillin (88.9%) | Amikacin (77.8%) | Cefepime (73.3%)
Cerebral Canal (n=9) |Imipenem (88.9%) |Minocycline (88.9%)| Amikacin (77.8%) | Piperacillin (77.8%) | Cefepime (77.8%)
Wound (n=5) Imipenem (80.0%) |Minocycline (80.0%)| Amikacin (80.0%) | Piperacillin (80.0%) | Cefuroxime (80.0%)
Discussion Trizna and colleagues emphasize the high multidrug

resistance of strains from postoperative wounds, pointing to
the risk of superinfections in surgical departments [18].

The study by Kataeva et al. shows significant differences in
resistance patterns in the lower respiratory tract of patients with
community-acquired pneumonia, especially in COVID-19
cases. The prevalence of carbapenem-resistant K.
pneumoniae strains reached 70% [11].

Finally, the work of Yarets and Shevchenko
underscores the importance of local microbiological
monitoring, demonstrating the dependence of sensitivity on
hospitalization timing and sample collection conditions [21].

Gordinskaya et al. investigated the molecular-genetic
mechanisms of resistance in Klebsiella pneumoniae
isolates from hospitals in Nizhny Novgorod. They found that
strains from the urogenital tract and sputum exhibited a high
frequency of resistance to third-generation cephalosporins
and carbapenems. This resistance was linked to the
presence of plasmid genes bla_KPC and bla_OXA-48-like,
highlighting the importance of molecular monitoring in
clinical practice [7].

Antonova and Zhiltsov discussed the challenges of
antibacterial therapy for hospital-acquired infections caused
by carbapenemase-producing K. pneumoniae strains. The
most resistant isolates were obtained from wounds and
catheters. Combined therapy using colistin and tigecycline
was recommended [1].
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Beloborodov et al. emphasized the necessity of
accurate sampling and identification of the infection site to
select appropriate antibiotics. According to the "Sepsis
Forum" guidelines, infections of the bloodstream or
abdominal cavity caused by multidrug-resistant K.
pneumoniae strains require parenteral administration of
carbapenems and colistin [2].

Mamchik et al. studied K. pneumoniae strains isolated
from wound exudates. These strains showed high
resistance to fluoroquinolones, aminoglycosides, and even
meropenem. Treatment escalation tactics were determined
based on the infection site and clinical course [15].

Yakovlev and Suvorova focused on urinary tract
infections. In urine samples from catheterized patients, a
high prevalence of ESBL-producing K. pneumoniae strains
was detected, underscoring the need for UTI prevention in
catheterized patients [20].

Kozlova and Barantsevich analyzed K. pneumoniae
strains isolated from wounds, blood, and respiratory tracts.
The highest resistance was found in blood isolates (up to
70% resistance to cefepime and imipenem), reflecting the
need for enhanced diagnostics and patient isolation [13].

A study by Nirwati et al. in Indonesia demonstrated a
high level of antibiotic resistance and biofilm-forming ability
in K. pneumoniae isolates primarily from respiratory
samples (51.5%) and purulent discharges (16.2%).
Approximately 54.5% of strains met the criteria for multidrug
resistance, and 85.6% were capable of forming biofims of
varying intensity. Notably, biofilm-forming strains showed
increased resistance to most antibiotics except meropenem,
amikacin, and piperacillin-tazobactam. These findings
highlight the importance of considering biofilm formation
when isolating K. pneumoniae from sputum, aspirates, or
purulent materials, as it is a key factor in therapy resistance
and should influence antimicrobial regimen selection and
treatment duration [24].

As  Navon-Venezia, Kondratyeva, and Carattoli
emphasize, Klebsiella pneumoniae is not only one of the
most resistant Gram-negative pathogens but also a global
"gateway" and vector for the transmission of antibiotic
resistance genes. The authors highlight K. pneumoniae’s
role in the emergence of the “super-resistome’
phenomenon, where strains simultaneously carry multiple
B-lactamases (including KPC, OXA-48, and NDM-1), as well
as aminoglycoside and fluoroquinolone resistance genes on
mobile plasmids. Importantly, many of these genes are
found in epidemiologically successful clones (ST258, ST11,
ST147), which are capable of rapid intercontinental spread
and are associated with hospital outbreaks. These data
complement our analysis, indicating that strains isolated
from blood and invasive sites are more likely to possess
multiple resistance mechanisms than those from superficial
samples, which is critical when choosing empirical therapy
[23].

The study by Ballén et al. found that K. pneumoniae
strains isolated from urine exhibited the highest antibiotic
resistance at 64.91%, surpassing even blood (63.64%) and
respiratory (51.35%) isolates. These uropathogenic strains
also showed high ESBL (extended-spectrum B-lactamase)
production and statistically significant resistance to
fosfomycin (24.56%; p = 0.008). Moreover, nearly half
(46.1%) of all biofilm-forming isolates were recovered from

urine. This emphasizes that uropathogenic K. pneumoniae
strains can combine antibiotic resistance, increased
virulence, and biofilm formation, complicating treatment
especially in patients with catheters or chronic UTls. The
authors stress the need for active monitoring not only of
resistance but also of virulence factors such as the uge,
rmpA, and iucA genes, which contribute to bacterial
invasion and immune evasion [22].

These data confirm the key hypothesis: K. pneumoniae
sensitivity strongly depends on the source of the biological
material and the clinical context. Therefore, a standardized
treatment approach is insufficient; a personalized
antimicrobial strategy based on local data is necessary.

The highest resistance to -lactams, carbapenems, and
fluoroquinolones was observed in isolates from blood,
sputum, tracheal aspirates, and wound exudates. Urine
isolates also showed high resistance, particularly in cases
of prolonged catheterization, often accompanied by biofilm
formation and ESBL production, making them potential
reservoirs for hospital transmission of resistance.

Recent studies also demonstrate that K. pneumoniae
strains isolated from invasive sources more frequently carry
multidrug resistance genes, including bla_KPC, bla_NDM,
bla_OXA-48-like, as well as plasmids encoding resistance
to amikacin and colistin. These findings underscore the
necessity of molecular typing and local resistance
monitoring.

Conclusion

Thus, the obtained data highlight the need for regular
monitoring of antibiotic resistance and the rational selection
of antibacterial therapy based on the sensitivity of specific
strains and the type of infected biological material. This is
especially relevant in the context of increasing antibiotic
resistance and a limited arsenal of effective drugs.

The conducted analysis showed that Klebsiella
pneumoniae remains one of the most significant and
dangerous hospital pathogens due to its high frequency of
antibiotic resistance, ability to form biofilms, and broad
spectrum of virulence factors. The resistance of K.
pneumoniae strains varies depending on the source of the
biological material, which is influenced both by the
physiological characteristics of the infection site and local
antibiotic therapy.

Future research should focus on integrating molecular
data with clinical observations to enable timely identification
and containment of epidemiologically significant clones of
K. pneumoniae.

Study Limitations: The single-center nature of the study may
limit its generalizability, and the absence of long-term follow-up
data restricts the assessment of post-discharge outcomes.
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